Abstract. Poly(methyl methacrylate)/Multi-wall carbon nanotubes (MWCNT) nanocomposites were prepared by solution method. Here the dispersions of MWCNT in PMMA solutions were sonicated for appropriate time followed by dispersions coagulation. Both types of CNT materials were used such as pure MWCNT and the same MWCNT after their adequate surface treatment. The aim of treatment was to covalently attach organic material onto surface of CNT to process their better dispersion in polymeric matrix leading to more effective CNT reinforcement effect. The state of CNT dispersion was characterized thought rheology measurements with help of parameters like elasticity and viscosity of the melt. Also the effect of sonication onto pure PMMA matrix was determined.
INTRODUCTION
Carbon nanotubes (CNT) can be considered as very promising filler for polymeric matrixes. It is mainly due to their very high Young modulus reaching values of about 1TPa together with very high aspect ratio up to 10 3 -10 4 , the promising is also their excellent electrical and thermal conductivity [1, 2] . Unfortunately, fundamental problems still exist which disturb effective use of polymer/CNT nanocomposites. Particularly, it is very problematic to disperse CNT uniformly thought polymer matrix and practically avoid particles agglomeration creating carbon objects on micrometric scale [3, 4] . Thus, it is very difficult to de-agglomerate the bundles or ropes (in the case of MWCNT [5] or SWCNT [6] , respectively) using conventional methods of melt processing. Practically, in the nanocomposites prepared by convectional melt mixing methods agglomerates of nanotubes of micrometric size or larger can be observed in the matrix, e.g. PP [7] , PMMA [4] , HDPE [8, 9] or PA6 [10] . The aggregates of CNT considerably reduce the aspect ratio of the tubes, and thus the reinforcing effect. Also load transfer can be limited because of the bundles of nanotubes; when some of the tubes are not bonded to the matrix, they slip within the bundles, and it is easier for them to slide out of the bundle than to break [11, 12] . Therefore the development and innovation of CNT/polymeric nanocomposites preparation methods is still a current issue. Commonly used methods, such as mixing in the polymeric melt, are being replaced by more efficient methods using e.g. ultrasound as a stirring element. Other efficient way to improve CNT dispersion in the polymeric matrix is chemical or chemical-physical modification (functionalization) of the CNT surface. The non-covalent method represents for example microemulsion polymerization technique in the presence of CNT material when polymeric material in the form of nanospheres is adsorbed onto the surface of CNT [13, 14] . Chemical functionalisation of CNT then represents creation of covalent bonds between organic molecules or polymeric fragments and CNT surface. Probably the most progressive method seems to be the process of CNT oxidation [8, 9] leading to creation of carboxyl and hydroxyls groups which become a binding element for different polymeric molecules [15, 16] . The state of CNT dispersion and interaction between CNT and polymer matrix can be powerfully analyzed thought rheology measurements [17] [18] [19] . It is relatively easy and prompt indirect method.
EXPERIMENTAL AND RESULTS
At the first step MWCNT (Sun Nanotech Co. Ltd., China, diameter 10-30 nm, length 1-10 ȝm, purity < 90 %) were oxidized in mixture of sulfuric and nitric acids [20] . In the next step 4,4ƍ-methylenebis(phenyl isocyanate) (MDI) and methacrylamide were used to synthesize so called "CNT-mer" [21] forming active polymerizable vinyl groups on CNT surface which are able to incorporate CNT into growing PMMA polymer chain during consequential radical solution polymerization. Prepared surface treated filler was separated by ultracentrifugation and finally mixed into PMMA commercial polymer (DELPET 80N, Asahi Kasei Corporation) by solution method as was announced above. The CNT dispersion in methylethyl ketone (MEK) with concentration from 0.1, 0.5, 1.0 to 2.0 wt.% of CNT were prepared by sonication using thermostatic ultrasonic bath (Bandelin electronic DT 103H) at 70°C for 4 or 8 hours followed by additional 2 hours using ultrasonic homogenized (Dr. Hielscher GmbH apparatus with ultrasonic horn, S7) at 60°C. The coagulation was performed by pouring of prepared dispersions into mixer filled by antisolvent -water.
The states of prepared composites were characterized thought rheology measurements using the Advanced Rheometric Expansion System (ARES 2000) Rheometrics rheometer in terms of complex viscosity and recoverable shear. In the first step, the effect of sonication time on the complex viscosity of PMMA has been investigated (see Figure 3) . It is clearly visible that increase in the sonication time leads to decrease in complex viscosity which can be taken as evidence that the PMMA degradates during the sonication process. In the second step, the effect of CNT content in the PMMA melt on its elasticity (recoverable shear) has been investigated (see Figure 4) . Obviously, the increase in the CNT level in the PMMA matrix leads to increase in the PMMA melt elasticity. Finally, the effect of the CNT surface modification, which is described above, on the PMMA melt elasticity has been analyzed through recoverable shear (see Figure 5 ). In this case, the surface modified CNT in the PMMA matrix enhances the melt elasticity more than no surface modified CNT which suggest that the suggested CNT surface modification might be good tool to improve the interaction between CNT and PMMA polymer matrix. 
CONCLUSION
Based on the rheological evaluation of the tested polymer samples, it has been found that, firstly, sonication of the PMMA can leads to degradation. Secondly, the increase of the CNT content in the CNT+PMMA may leads to enhanced melt elasticity and finally, modification of the CNT surface can increase the CNT+PMMA melt elasticity more than surface no modified CNT. 
